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A clock data recovery (CDR) circuit includes a sampling
circuit, a synchronization circuit that synchronizes a fre-
quency of an oscillation clock signal from an oscillation
circuit with a frequency of input data of a specific pattern
which is sampled in the sampling circuit, and synchronizes a
phase of the oscillation clock signal with a phase of the
sampled input data, and a data pattern recognition circuit that
detects whether the input data sampled in the sampling circuit
has a specific pattern. The data pattern recognition circuit
starts an operation for detecting whether the input data has a
specific pattern in response to a frequency lock start instruc-
tion. The synchronization circuit starts an operation for syn-
chronizing the frequency on condition that it is determined by
the data pattern recognition circuit that the input data has a
specific pattern.

ABSTRACT

20 Claims, 14 Drawing Sheets

1
w ! DATA INTERFACE CIRCUIT (CDR)
8 Din SAMPLING
o 7| creur 10 Dsmp
[=]
z | b e ET y 4
% L 32 l 12
2}
2 N Y FREQUENGY LOGK )
H RCUI FREQUENCY [¢STOPSIGNAL pDATA
SWITCHING jy DETECTION ! rrequency LOCK
= e OF CIRCUIT || COMPLETION SIGNAL RE%?&T}EON
{
a
........................ >
I T T - 1 D i S 53 ] 31
Wn
o
£9 i~ 11
PHASE INTERPOLATION OSCILLATION
CIRCUIT CIRCUT [
STARTUPTERMINATION SIGNAL |~ 4
CMD COMMAND INTERFACE CIRCUIT ‘(—)
2




US 9,419,787 B2

Sheet 1 of 14

Aug. 16, 2016

U.S. Patent

1INDHIT IOVIHILNI ONYAWOD

JOIAIA NOISSINSNWYH L

awo
¥ ~{ TYNOIS NOILYNINYAL/ANLYVYLS
v

' ptutalnbluileietuieiuieiaiieiieieiieieble it ldedeteletutuiuboioiutsfuintuiaiuiniaiuldolahhdehe 2
" gz~  LINOHID . LINOYID m
i '] NOLLYT1I080 / NOILYIOJYILNI ISVH | !
_ " gl “
i b~ T I "
i " 32 e “
- ) s 1
- 0¢ bz~ ¥3L me g~  ¥3L !
! _ )

i Le ! w m . >o N i € ™~
v " . NSRS ™ e feeee '
( ﬂ B ORIS30 301, ) 13 “
LINOYID NynoisNoLF oot | | inomio S LOHO NI Y10, “
NOLLINDOO3Y | 30071 A0NaND3MA || \oiio3L3a O3SVO NI ONIMD g !
Ny > AON3NOIY !
viva TWNOISJOLS 7 £z 02~ \ w"mwwm a !
N MOOTAONINOIHA ¢ SSvHd Ao~ !
4! H 43 . H H ................. !

dwsqg 0L ~ 1inoydId
ONIdNYS ulg
(¥ad) LINDYID FOVAYILNI V1va
L
B4




US 9,419,787 B2

Sheet 2 of 14

Aug. 16, 2016

U.S. Patent

NOLLITdWOD
D01 ADNINDIYA

93
NOILND3X3
5571 3507 AONINO IS
ww>;v

ON

pele]
ADNINDINL ¥0- Y1va

€S

NOILYNINY3L3d
S NY3llvd
V.1va LNdNI

/

.

ON

(1383

ONVAIWOOD 1uv1s
OO AONIND3IYA

Lyvis

LS~

dOLS MO01 AONINDIHL

~— VS




US 9,419,787 B2

Sheet 3 of 14

Aug. 16, 2016

U.S. Patent

aw
D — 0
aNVININOD
1HVIS Y001 ano
AONINOIN S
9} Gl e
ADONINOINH a3YIS3A A0 AONINOIYS | gniyvis | dOLs
AONINOIHA IVILINI LINDYID NOILYTIIDSO
H ) A
ny Y 2 1
NOILNO3X3 1IND¥ID NOILINDOD3Y
OO AONINOTe dOLS Y007 AONINOTHA NALLva Yva
( dol1s NOILND3IX3 NOILYNINNI1IA NY3L1Vd V.1V aokwx
N 4001 ISVHd d001 AONINOIYA mo.rmx dOOT NOILYHIdO
| LI T 1T 71 T T 7T T 717 1 (UWQ)YLVa NOISSIWSNYHL
vee A A J
g _ v _ Y
VLVQ TYIWNON 3007 AONINDINA D01 AONINOIYS HO4 NYILIVd

8} HO4d NY3LlvVd viva €} V.1Vd NVHL ¥3HLO NY31LIvd

¢bi4



US 9,419,787 B2

Sheet 4 of 14

Aug. 16, 2016

U.S. Patent

awn

LHVLS MO0
AON3IND3IHS

GNYINNOD N

o'
o

MOO1
w ADNINOIHL SNOINOHYI onDQN | dnidvis | dous m
2 B}

x dOO71 3SVHd _ d0O07 AONINDIY4 _ dOLS N

(L T 1T 1 LT T 1 T 1 172
ces A A J

' Y _ Y
Y1vd TVWHON MNOOT ADNINDIHS MO0 ADNINDIHA HO4 NHILLVd

YOd4 NY3Livdviva &

B4

V.1v(a NYHL 43HLO NY3L1vd

ANVIWNOOD

1INOYID NOLLY 11080

dOO1T NOILVYd3dO

V.LvQ NOISSINSNYHL



US 9,419,787 B2

Sheet 5 of 14

Aug. 16, 2016

U.S. Patent

1

IVYNDIS
NOILITdNOD
HIOT AONINDILS

A

< {

Fa+4

1ON

TYNOIS 018
AD0T ADNINOIHS

b G614

eleqg __,>m7._.....m eleg MaN
A A
ISilereq [SL]ereq
vilereq [rileteq
[ellerea oo [eilerea
[z1lereq o m lzilereq
o
[11]ee@ w. g [11]eteq
[oileieq % wlv_ [ot]elea
l6 Jeteq zo [6 Jereq
om
(g lereq w w_. [ Jereq
2 lereq m 8 [z leeg
[9 ]ereq m i (9 leleg
[slereq w w
S 50 [s Jerea L _ 2,
[ Jereq m W_ v I;ieg
[ lereq nS [ Izreg
[z lejeq &5 [z Jaeq
e
[1 Jereq ox [L letea
[0 leteq [olerea | v
[1-]eteq eleq plo
[z-leieqg
[51]
le-lerea | | REEN
Z-144a
eleq pIo 1l
........ 5 €-144a
.......... L [eL] RERRVESNT
1IN2Y1D D190 NOILO3L3A 74 “_w.‘wv
) TINJHID NOILINDOOTd Nud1L1vd vivd ONITdWYS



US 9,419,787 B2

Sheet 6 of 14

Aug. 16, 2016

U.S. Patent

0

S ) ) s Oy s Y o I 0 e

V1iva ONITdWYS

(ONIMTdWYSHIAC STNIL-OML)
HD01D ONINTJNYS

¢ o 1 T 0 0 T L 0 & U 1 0 0 1 1 3
pooo r v r o v e v T o T o

V1va NOISSINSNYYL

c,ozupammn_mo.pi.__owOu\,ozm:om_m“_.qu
MO0T AONINDINS HOH VLIVA 40 T1dWVXT ONITJINYS

9614



US 9,419,787 B2

Sheet 7 of 14

Aug. 16, 2016

U.S. Patent

0 Y1vd ONITdWYS
UL U LU LU UL LT T T ML LT L ] Shadbveusno samis-on)
HOO0TD ONINdWYS

o o o v T o o0 T U T 0 0 Y T 0 0 0 I I 0
| 0 { | [ 0 ) | [ 0 { | { 0 1 | | 0 | VLVQ NOISSINSNV L

Awm:z_._.m.rZ<I._.wmw.:;ozw:0m_m“_mO._,<.j_OmOv>OZm_DOm_NE<;.<Dv
HMO0T AONINDIHS HO4 viva 40 ITdWVYXE ONITdWYS

1614



US 9,419,787 B2

Sheet 8 of 14

Aug. 16, 2016

U.S. Patent

0 0 ! 1 0 0 V1vA ONINdWYS
Oy Yy Yy Oy o O T
ADQTD ONINdNVS

I 0 0 I I 0 g ) 0 0
o ] ! P o 7 | [ o ¥ } o I ! ¢ I v1iva NOISSINSNYYL

Awm_s__._.w.oZ<I._.N_m_._.<m_m_0v;OZm_:Ommu_EO._.<._.__OwOA>OZmDOmmm<._.<Dv
HO0T AONINDIHH HO4 VLVA 40 IT1dWVXT ONINdWYS

g'614



US 9,419,787 B2

Sheet 9 of 14

Aug. 16, 2016

U.S. Patent

8y 0y o Oy Yy B (T 1= -
MO0TO ONITdNVS
L e v [ v [ o T v T 0 [T 7

0 0 I [ 0 0 0 0 1 I 0 I 1 1 1] o 0 v1va ONIIdWVYS
|

[ 0 T vivaNOISSINSNVYL

(AONINDIYS HOLYTUISO=AONINDIYL V.LvQ)
MO0 AONINDIHH HOH4 VIVA NYHL ¥IHLO VIVA 40 TTdAVXT ONITIWVYS

6614



US 9,419,787 B2

Sheet 10 of 14

Aug. 16, 2016

U.S. Patent

0 ' I 1 1 I 1] 0 0 V1vad ONITdWVYS

T U T O O U O L LU T LT T T LT Sianvesand sanu-om
- ADGTID ONININVYS

0 | | )\ _ I 0 1 V1va NOISSINSNYML

ﬁmms_;m.rz<xhwwm._:>ozm:om_mu_xohﬁ.__omoﬁozu:om_mu_ﬁ,\e
D071 AONINOIYL WO VIVA NVHL ¥IHLO V1VAd 40 I1dNYXI ONITINYS

01614



US 9,419,787 B2

Sheet 11 of 14

Aug. 16, 2016

U.S. Patent

Sy Ty Yy Y Yy B g 0
ADO0TD ONINYS
Lo |

0 ! T [o 0 0 0] I 0 I I i T 1] 0 v1vad ONITdWYS
(
| ] 0 { 0 | | [ -0 | ] { I

| 0 [ vivanNoISSINSNYYHL

(S3NIL 8'0 NVHL ¥3LVINO) (AONINDIN 4 HOLYTIOSO<AONINDINA VIva)
MO0 AONINDIYH HO4 VIVA NYHL ¥3IHL0 v1va 40 31dWvXI ONITdNYS

L1614



US 9,419,787 B2

Sheet 12 of 14

Aug. 16, 2016

U.S. Patent

HO0T ADNINDIHL 4O V1vd 39 OL LON Q3ININY313A ATSNOINOHNHT
SI 1! 'S3WIL ¥NOL 31dWVS SI vLva 40 3031d 3NO 3ONIS

3 . . .,
T ot .o, e,
- - ) .

0 ¢ oft Tt 1o 0o ¢ ED o 0ot 7T T 1]o 0o ot T T T]0 ¢ 0 VYLIVADNIJWYS
(
I ooy 0

VNI U T T DU U U U U U UU U U U U LU L Ladessane sanu-om)
HOOTD ONIMdYS

I 0 T vivaNOISSINSNYML

(SINIL S’} NYHL ¥ILVIHO JO OL TWNOI) (ADNINDITYS HOLVTUISO>AONINOIYL V.LVQ)
MOO0T ADNINDIYS HO4 VLIVA 40 F1dINYXI ONITdNVYS

AN E



US 9,419,787 B2

Sheet 13 of 14

Aug. 16, 2016

U.S. Patent

MO07T AONINDIH4 HO4 V1va 39 01 GININNILIA ATSNOINOHHT S 11 'SANIL
33YHL ATNO 371dWVS 39 O1 318V FdV Y1VQ 40 S3031d SNONNILNOD OML IDNIS

I 0 0 0 ] 0 0 ! I 1 0 V1va ONIdINYS
L LT L LT LT LT LT LT LT L 1 ONMdYSHIAO SINLL-OML)
¢ p o Foo T v oo [ v T 1T 0T vivanoissInsNviL

Amm__>=.rm.o2<1._.wmm_x_mOO._.._<DOm:;OZmDOm_mn_N_O._.<1_.__Om0v>02m50mmn_<._.<DV
HOOT AONINDIYA HOL V.IVA NYHL ¥3H10 V1VA 40 I 1dWVX3 ONITdINYS

c1'b14



U.S. Patent Aug. 16, 2016 Sheet 14 of 14 US 9,419,787 B2

61
{
PNL

AN

)

|58
59

i
[

¥3AINA 308N0S |

ﬂ

L1INOHID NOILOITES
JOVLIOA NOLLYAVHO

1t e

HOLVY1 V.Lva ]

{

un
wn

GRADATION CIRCUIT
GATE CONTROL DRIVER
POWER SUPPLY CIRCUIT|

B~

Fig.14
MEMORY]

LINN TOYLNOD ~—&

$ O

JOV4HALNI JOVAHILNI
ONVINWOO )' vivad 3OV

) T

e

\

<

50
{
HST




US 9,419,787 B2

1
CDR CIRCUIT AND SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese
application JP 2014-144120 filed on Jul. 14,2014, the content
of which is hereby incorporated by reference into this appli-
cation.

BACKGROUND

The disclosure relates to a clock data recovery (CDR)
circuit having a function of reproducing a clock signal from
data having a clock signal embedded in a data row, and relates
to, for example, a technique effective in a case of application
to a data input interface circuit using a CDR circuit in which
a specific data pattern is used for frequency lock.

In a display driving device that performs display driving of
a liquid crystal display (LCD) or the like, the speeds required
of'a data input interface circuit have increased corresponding
to increases in the high definition of the display. A CDR
circuit can be used as part of a clock-embedded data input
interface for high-speed transmission.

In one example, JP-A-2012-44446 discloses a clock data
recovery circuit that generates and outputs a clock signal for
extracting data from a data signal transmitted in a serial
manner, and that includes a frequency-locked loop for lock-
ing the clock signal to a desired frequency using a predeter-
mined reference clock signal, and a phase-locked loop for
phase-synchronizing the clock signal with the data signal in
the locked state of the clock signal. Frequency comparison of
the reference clock signal with the clock signal is performed
during an operation of the frequency-locked loop, a clock
signal is generated having a frequency according to the com-
parison result, and the phases of the generated clock signal
and data are synchronized by bringing the phase-locked loop
into operation.

SUMMARY

In one embodiment, a clock data recovery (CDR) circuit is
disclosed that includes a sampling circuit configured to
sample input data, and a data pattern recognition circuit con-
figured to determine, upon receiving a frequency lock start
instruction, whether sampled input data includes a predeter-
mined pattern. The CDR circuit further includes a synchro-
nization circuit configured to synchronize a frequency of a
received oscillation clock signal with a frequency of sampled
input data that includes the predetermined pattern, and to
synchronize a phase of the oscillation clock signal with a
phase of the sampled input data.

In another embodiment, a semiconductor device is dis-
closed that includes external interface circuitry configured to
receive input data from a transmission device. The external
interface circuitry includes a clock data recovery (CDR) cir-
cuit comprising a sampling circuit configured to sample
received input data and a data pattern recognition circuit
configured to determine, upon receiving a frequency lock
start instruction, whether sampled input data includes a pre-
determined pattern. The CDR circuit further comprises a
synchronization circuit configured to synchronize a fre-
quency of a received oscillation clock signal with a frequency
of sampled input data that is determined by the data pattern
recognition circuit to include the predetermined pattern, and
to synchronize a phase of the oscillation clock signal with a

10

15

20

25

30

35

40

45

50

55

60

65

2

phase of the sampled input data. The semiconductor device
further includes processing circuitry configured to process
the received input data.

In another embodiment, a method of performing clock data
recovery for received input data is disclosed. The method
includes sampling the input data, and determining, upon
receiving an instruction to begin frequency synchronization,
whether the sampled input data includes a predetermined
pattern. The method further includes synchronizing a fre-
quency of a received oscillation clock signal with a frequency
of'sampled input data that includes the predetermined pattern,
and synchronizing a phase of the oscillation clock signal with
a phase of the sampled input data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is ablock diagram illustrating an example of a CDR
circuit which is applied to a data interface circuit.

FIG. 2 is a flow diagram illustrating a frequency lock
operation.

FIG. 3 is a timing diagram illustrating a synchronizing
operation of CDR input data.

FIG. 4 is a timing diagram illustrating an operation in case
that a data recognition circuit is not adopted, as a comparative
example.

FIG. 5 is a logic circuit diagram illustrating a specific
example of a data pattern recognition circuit.

FIG. 6is a diagram illustrating a data row which is obtained
in case that a data frequency of input data Din and a frequency
of'a clock signal CLK{p from an oscillation circuit are coin-
cident with each other.

FIG. 71is a diagram illustrating a data row which is obtained
in case that the frequency of the clock signal CLKfp from the
oscillation circuit is higher than the data frequency of the
input data Din.

FIG. 81is a diagram illustrating a data row which is obtained
in case that the frequency of the clock signal CLKfp from the
oscillation circuit is lower than the data frequency of the input
data Din.

FIG. 9is a diagram illustrating a data row which is obtained
in case that the data frequency of the input data Din and the
frequency of the clock signal CLKfp from the oscillation
circuit are coincident with each other in case that a pattern
other than a data pattern for frequency lock is sampled by
two-times oversampling.

FIG. 10 is a diagram illustrating a data row which is
obtained in case that the frequency of the clock signal CLKfp
from the oscillation circuit is higher than the data frequency
of the input data Din in case that a pattern other than a data
pattern for frequency lock is sampled by two-times oversam-
pling.

FIG. 11 is a diagram illustrating a data row which is
obtained in case that the frequency of the clock signal CLKfp
from an oscillation circuit is lower than the data frequency of
the input data Din in case that a pattern other than a data
pattern for frequency lock is sampled by two-times oversam-
pling.

FIG. 12 is a diagram illustrating a data row which is
obtained in case that an initial frequency of the oscillation
clock signal CLK{p from the oscillation circuit is higher than
1.5 times the frequency of the input data Din.

FIG. 13 is a diagram illustrating a data row which is
obtained in case that the initial frequency of the oscillation
clock signal CLK{p from the oscillation circuit is lower than
0.8 times the frequency of the input data Din.
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FIG. 14 is a block diagram illustrating a liquid crystal
driver which is an example of a semiconductor device having
the CDR circuit included in an external interface circuit.

DETAILED DESCRIPTION

In a CDR circuit, a clock signal is reproduced from trans-
mission data, and data is received with the clock signal. In
order to receive data through the CDR circuit, an oscillator
included in the CDR circuit is oscillated at the same fre-
quency as that of the clock signal embedded in the data. In
order to make the frequency of the oscillator equal to that of
the clock signal, a frequency lock operation may be per-
formed using a specific data pattern. For example, when a
data pattern for frequency lock is generated at a display port
according to a video output interface standard for a digital
display device (such as an LCD), an external reference clock
signal in some cases is not provided to a display driving
device in order to reduce the number of components on a PCB
substrate or as an EMI countermeasure. In this case, fre-
quency lock is performed using the data pattern for frequency
lock.

Since a data transmission frequency is related to the reso-
Iution of a display, a data transmission frequency can be
determined within any system. For this reason, a desired
frequency of the oscillator can be known beforehand, but in
cases where there is no reference clock signal, it may not be
possible to perform oscillation at a desired frequency due to
process variation, temperature conditions, or the like. For a
frequency lock operation, a data pattern for frequency lock is
transmitted from a data transmission device, and the fre-
quency is detected in the CDR circuit and used to adjust the
frequency of the oscillator.

The CDR circuit comprises a frequency-locked loop that
performs frequency lock and a phase-locked loop that adjusts
a clock phase in order to correctly fetch data. The frequency-
locked loop operates during the execution of frequency lock,
and operation of the phase-locked loop begins after the
completion of frequency lock. The frequency lock can be
started by issuing a command using a command interface
from the data transmission device. However, where a fre-
quency lock instruction command is issued from the display
port or the like, the data pattern for frequency lock may or
may not be transmitted.

When the data pattern for frequency lock is not transmitted
during the execution of frequency lock, the frequency lock
operation is performed using other patterns included in the
data, and the detected frequency may be erroneous. Thereby,
the frequency of the oscillator is not setto a desired frequency.
JP-A-2012-44446 does not address this problem.

An object of the disclosure is to prevent frequency lock
with an erroneous pattern in a synchronization circuit config-
ured to use a predetermined pattern for frequency lock.

The above and other objects and novel features of the
disclosure will be made clearer from the description and the
accompanying drawings of the present specification.

The following is a brief description of the summary of the
representative embodiments of the disclosure of the present
application.

That is, a synchronization circuit that synchronizes the
frequency of an oscillation clock signal from an oscillation
circuit with the frequency of a predetermined pattern of input
data waits for a data pattern recognition circuit detecting an
input of the predetermined pattern in response to a frequency
lock start instruction, and starts a frequency lock operation.
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The following is a brief description of an effect obtained by
the representative embodiments of the disclosure of the
present application.

That is, it is possible to prevent frequency lock with an
erroneous pattern in the synchronization circuit configured to
use a predetermined pattern for frequency lock.

1. Summary of the Embodiments

First, a summary of representative embodiments of the
disclosure will be described. Reference numerals included in
parentheses and referred to in the summary of the represen-
tative embodiments are meant to denote components
included in the concept of the components to which the ref-
erence numerals are designated.

[1] <Input of Specific Pattern is Detected to Start Fre-
quency-Locked Operation>

A CDR circuit (1) includes a sampling circuit (10) that
samples input data (Din), a synchronization circuit (11) that
synchronizes a frequency of an oscillation clock signal
(CLK{1p) from an oscillation circuit (25) with a frequency of
input data of a specific pattern which is sampled in the sam-
pling circuit, and synchronizes a phase of the oscillation clock
signal (CLK{p) with a phase of the sampled input data, and a
data pattern recognition circuit (12) that detects whether the
input data sampled in the sampling circuit has a specific
pattern. The data pattern recognition circuit starts an opera-
tion for detecting whether the input data has a specific pattern
in response to a frequency lock start instruction. The synchro-
nization circuit starts an operation for synchronizing the fre-
quency on condition that it is determined by the data pattern
recognition circuit that the input data has a specific pattern.

According to this, it is possible to prevent frequency lock
due to an erroneous pattern in the synchronization circuit
using a specific pattern in frequency lock.

[2] <Oversampling>

In item 1, the sampling circuit oversamples input data of
i-bit units with data of ixn-bit units at a frequency n times the
oscillation clock signal.

According to this, it is possible to improve the detection
accuracy of the specific pattern as well as the accuracy of
frequency lock and phase synchronization compared with a
case where oversampling is not performed.

[3] <Recognition Principle of Data Pattern Recognition
Circuit>

In item 2, the data pattern recognition circuit detects a state
where a predetermined logical value of a unit bit of input data
is extended over 2n bits of oversampling data to thereby
determine that the input data does not have a specific pattern,
and determines that the input data has a specific pattern by the
extended state not being detected.

According to this, a state where the predetermined logical
value of the unit bit of the input data is extended by exceeding
a range of the number of bits two times the multiple n of
oversampling in the oversampling data means a state deviat-
ing from an expected state, and thus it is possible to contribute
to the easy determination of a specific pattern.

[4] <Relationship Between Initial Frequency of Oscillation
Circuit and Data Frequency of Specific Pattern>

In item 3, in case that input data is oversampled in the
sampling circuit, an initial frequency of the oscillation clock
signal is set to a frequency in a range in which the presence or
absence of the extended state is able to be detected with
respect to a frequency of a clock signal embedded in the
specific pattern.
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Thereby, it is possible to guarantee the effectiveness of a
determination method of item 3 in terms of the initial fre-
quency of the oscillation clock signal at the determination of
the specific pattern.

[5] <1 and O Repetitive Specific Pattern>

In item 3, the specific pattern is a repetitive pattern of
logical values 1 and 0. The sampling circuit is a circuit that
performs two-times oversampling of n=2.

According to this, not only the detection accuracy of the
specific pattern can be improved by a relatively simple circuit
configuration, but also the accuracy of frequency lock and
phase synchronization can be improved.

[6] <Discrimination Method>

In item 5, the data pattern recognition circuit determines
that the input data does not have a specific pattern in case that
a bit string of the input data which is oversampled includes
four consecutive digits of 1 or O as an array other than an array
of two consecutive digits of 0, two consecutive digits of 1,
three consecutive digits of 0, three consecutive digits of 1, one
digit of 0, or one digit of 1, and determines that the input data
has a specific pattern in case that the four consecutive digits of
1 or 0 are not present.

According to this, a specific pattern can be detected by a
relatively simple circuit configuration.

[7] <Specific Example of Data Pattern Recognition Cir-
cuit>

In item 6, the data pattern recognition circuit includes a
plurality of first logic circuits (EOR) that input the over-
sampled input data in 2xi-bit units, and perform coincidence
detection on contiguous data of the input 2xi-bit data and
low-order 3 bits of 2xi bits which are input immediately
before the data, in 2-bit units which are adjacent to each other,
a plurality of second logic circuits (NOR) that determine
whether being in a first state where coincidence detection
results of three of the first logic circuits adjacent to each other
are all coincident with each other, and a third logic circuit
(OR)that determines whether being in a second state where at
least one of the second logic circuits is set to be in the first
state, and the third logic circuit stops a frequency-locked
operation due to a determination result being the second state,
and releases the stop of the frequency-locked operation due to
a determination result not being the second state.

According to this, the data pattern recognition circuit can
be relatively simply configured using the logic gate circuits
that perform logic operations clock-asynchronously and stati-
cally.

[8] <Discriminable Frequency Conditions>

In item 6, in case that input data is oversampled in the
sampling circuit, an initial frequency of the oscillation clock
signal is set to a frequency in a range lower than 1.5 times and
higher than 0.8 times a frequency of the specific pattern.

According to this, the periphery of the oscillation clock
signal is specified as described above with respect to the
frequency of a known specific pattern of a system, and thus it
is possible to guarantee to reliability of the determination
result in item 6 with a margin for the result.

[9] <Phase Synchronization Based on Phase Difference
after Frequency Lock>

In item 1, the synchronization circuit performs phase syn-
chronization through phase correction based on a phase dif-
ference between sampling data and an oscillation clock signal
after frequency synchronization using the specific pattern is
established.

According to this, itis possible to perform phase correction
using a phase interpolation circuit.
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[10] <Synchronization Circuit Using PLL>

In item 1, the synchronization circuit is constituted by a
PLL circuit.

According to this, the synchronization of an oscillation
frequency and a phase can be realized by phase comparison.

[11] <Interface Circuit and LSI>

A semiconductor device (62) includes an external interface
circuit (51, 52) and a processing circuit (53 to 59) that pro-
cesses data which is supplied to the external interface circuit.
The external interface circuit is provided with the CDR circuit
(1) according to item 1 as a circuit that inputs the data.

According to this, it is possible to contribute to an improve-
ment in the reliability of a so-called clock embedded data
interface in the semiconductor device.

[12] <Display Driving Device>

Initem 11, the processing circuit inputs image data which
is supplied to the CDR circuit, and outputs a gradation voltage
corresponding to the input image data in pixel units in syn-
chronization with a display timing.

According to this, in case that a data pattern for frequency
lock is prepared in a display port or the like which is the
standard of a video output interface, it is possible to prevent
frequency lock from being performed erroneous in a data
pattern by the specific data pattern for frequency lock being
not issued simultaneously with the issue of a frequency lock
command.

2. Further Detailed Description of the Embodiments

A further detailed description of the embodiments will be
given below.

<CDR Circuit Including Data Pattern Recognition Cir-
cuit>

FIG. 1 illustrates an example of a CDR circuit. In FIG. 1,
the CDR circuit is applied to a data interface circuit 1, and the
data interface circuit is provided with a startup/termination
signal 4 from a command interface circuit 2 and is instructed
to perform an input operation. The supply of data to the data
interface circuit 1 and the issue of a command to the com-
mand interface circuit 2 are performed by a transmission
device 3 such as a host device.

The command interface circuit 2 outputs the startup/termi-
nation signal 4 to the data interface circuit 1 in accordance
with a command CMD which is provided from the transmis-
sion device 3. Although not particularly limited, the com-
mand interface circuit 2 receives a frequency lock start com-
mand and instructs the data interface circuit 1 to perform a
data input operation through the startup/termination signal 4.

The data interface circuit 1 includes a sampling circuit 10
that samples input data Din, a synchronization circuit 11 that
generates a clock signal CLK{p obtained by synchronizing
the frequency of an oscillation clock signal CLK{f of an oscil-
lation circuit 25 with the frequency of input data Din of a
specific pattern sampled in the sampling circuit 10 and syn-
chronizing the phase of the oscillation clock signal with the
phase of the sampled input data Din, and a data pattern rec-
ognition circuit 12 that detects whether the input data Din
sampled in the sampling circuit 10 has a specific pattern.

The sampling circuit 10 performs so-called two-times
oversampling for sampling the input data Din at both the
rising edge and the falling edge of the clock signal CLKfp.
Dsmp is sampling data which is oversampled and output in
the sampling circuit 10.

The synchronization circuit 11 is configured such that a
frequency loop is formed by a frequency detection circuit 23,
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a filter 24, and the oscillation circuit 25, and that a phase loop
is formed by a phase detection circuit 20, a filter 21, and a
phase interpolation circuit 22.

The frequency detection circuit 23 detects a difference
between the frequency of the input data Din and the frequency
of the clock signal CLK{f on the basis of the sampling data
Dsmp having a specific pattern, for example, a 1 and O repeti-
tive pattern and the clock signal CLK{, and generates a con-
trol voltage by removing a high frequency component
through the filter 24 with respect to a signal corresponding to
the frequency difference. The oscillation circuit 25 has the
frequency thereof controlled in accordance with the control
voltage. The oscillation circuit 25 has the oscillation fre-
quency thereof loop-controlled so that the frequency of the
clock signal CLK{f comes close to the frequency of the input
data Din. In a frequency lock operation of the clock signal
CLKfbased on such a frequency loop, an initial frequency of
the oscillation frequency of the oscillation circuit 25 is set to
a frequency corresponding to the frequency of the specific
pattern of the input data Din, but an error occurs in practice
due to environmental temperature, process variation or the
like, and the error is eliminated by frequency lock.

After frequency lock, the phase detection circuit 20 detects
a phase difference between the input data Din and the clock
signal CLKfp on the basis of the sampling data Dsmp and the
clock signal CLK{p (initially, the same as the clock signal
CLKY{), and generates a phase control timing signal by remov-
ing a high frequency component through the filter 21 from a
signal corresponding to the phase difference. The phase inter-
polation circuit 22 controls phase lead/phase lag of the clock
signal CLK{p for the phase of the clock signal CLKf in
accordance with the phase control timing signal. The initial
phase of the clock signal CLKfp which is output by the phase
interpolation circuit 22 is the same as that of the clock signal
CLK{, and the phase interpolation circuit 22 controls the
phase-locked loop so that the phase of the clock signal CLKfp
comes close to the phase of the input data Din. Although not
particularly limited, the phase interpolation circuit 22 gener-
ates a multi-layer clock having the phase of the clock signal
CLKf shifted by a predetermined degree, and the clock signal
which is selected from the multi-layer clock is made variable
in accordance with the timing signal which is output from the
filter 21.

The data pattern recognition circuit 12 detects whether the
input data Din has a specific pattern on the basis of the
sampling data Dsmp sampled in the sampling circuit 10. The
data pattern recognition circuit 12 starts an operation for
detecting whether the input data Din has a specific pattern in
response to an instruction for an input operation based on a
frequency lock start instruction signal 30, that is, a startup/
termination signal 4. For example, the frequency detection
circuit 23 asserts a frequency lock completion signal 31 to the
data pattern recognition circuit 12 by frequency lock comple-
tion. Thereby, the data pattern recognition circuit 12 asserts a
frequency lock stop signal 32 to the frequency detection
circuit 23, and the operation frequency detection circuit 23 is
prevented from being started. The data pattern recognition
circuit 12 is instructed to perform frequency lock start based
on the signal 30 to thereby start a determination operation for
an input pattern. Thereby, in case that the input of a specific
pattern as the input data Din is detected, the frequency lock
stop signal 32 is negated, and the frequency detection circuit
23 is instructed to perform operation start.

FIG. 2 illustrates a flow diagram of a frequency lock opera-
tion. In case that the command CMD for giving an instruction
for frequency lock start is issued from the transmission device
3 (S1), the data pattern recognition circuit 12 which is
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instructed to perform operation start based on the signal 30
starts a pattern determination operation for the input data Din
(S2). It is determined whether the pattern has a specific pat-
tern, that is, is a data pattern for frequency lock (S3), the start
of the frequency lock operation is prevented in case that the
pattern is not a data pattern for frequency lock (S4), the
frequency detection circuit 23 is instructed to start the fre-
quency lock operation in case that the pattern is a data pattern
for frequency lock (S5), the completion of the frequency lock
operation is waited for (S6), and the frequency lock operation
is terminated.

FIG. 3 illustrates a timing diagram of a synchronization
operation of CDR input data. In case that a command for
giving an instruction for frequency lock start is input at time
10, the oscillation circuit 25 is started up at time t1 in response
thereto, an oscillation operation s stabilized at time t2 and the
oscillation frequency is stabilized to an initial frequency. In
addition, a pattern recognition operation in the data pattern
recognition circuit 12 is started in response to the instruction
for frequency lock start at time t0. In this stage, the frequency
lock operation is not started. In case that the specific pattern
for frequency lock is started to be input as the input data Din
at time t3, the data pattern recognition circuit 12 determines
the input of the specific pattern at time t4, and thus instructs
the frequency detection circuit 23 to start the frequency lock
operation. Thereby, the frequency lock operation using the
specific pattern is started with respect to the clock signal
CLKf which is transmitted by the oscillation circuit 15 (t5),
and the frequency lock operation is completed at time t6. In
synchronization therewith, the pattern recognition operation
in the data pattern recognition circuit 12 is terminated at time
t7, and a phase synchronizing operation is started with respect
to the phase loop. In case that the input data Din is changed at
time t8 from the specific pattern to normal data, the data is
sampled in synchronization with the clock signal CLKfp
which is appropriately phase-synchronized therewith, and is
transferred to a subsequent stage. In case that the data recog-
nition circuit 12 is not adopted, as illustrated in a timing
diagram according to a comparative example of FIG. 4, the
input of a command for giving an instruction for frequency
lock start at time t0 causes the oscillation circuit 25 to be
started up at time t1 in response thereto, and the stabilization
of' the oscillation operation at time t2 and the stabilization of
the oscillation frequency to an initial frequency cause the
frequency lock operation to be started even in case that the
pattern of the input data Din is a pattern other than the specific
pattern. Therefore, at time t3, in case that frequency lock has
already been completed at that time even in case of the pattern
of'the input data Din being the specific pattern, phase lock has
to be performed on the basis of an earliest erroneous fre-
quency lock result, which results in the generation of an error
in data fetching due to a clock regeneration error.

According to the above, it is possible to prevent frequency
lock due to an erroneous pattern in the synchronization circuit
using a specific pattern in frequency lock.

Since oversampling is used, it is possible to improve the
detection accuracy of the specific pattern as well as the accu-
racy of frequency lock and phase synchronization compared
with a case where oversampling is not performed.

<Specific Example of Data Pattern Recognition Circuit>

A method of identifying a specific pattern in the data pat-
tern recognition circuit 12 is based on the following principle.
In case that a special data pattern having 1 and O for frequency
lock repeated therein is sampled by two-times oversampling,
one to three consecutive digits of 0 or 1 are included in a data
row to be obtained. That is, in case that the data frequency of
the input data Din and the frequency of the clock signal
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CLK{fp from the oscillation circuit 25 are coincident with
each other, a data row to be obtained has two consecutive
digits of 0 and two consecutive digits of 1 repeated therein as
shown in FIG. 6.

On the other hand, in case that the frequency of the clock
signal CLK{p from the oscillation circuit 25 is higher than the
data frequency of'the input data Din, a data row to be obtained
has two consecutive digits of or three consecutive digits of 0
or 1 repeated therein, as illustrated in FIG. 7.

On the other hand, in case that the frequency of the clock
signal CLKfp from the oscillation circuit 25 is lower than the
data frequency of'the input data Din, a data row to be obtained
has one digit of or two consecutive digits of 0 or 1 repeated
therein, as illustrated in FIG. 8.

In any of a case where a pattern other than the data pattern
for frequency lock is sampled by two-times oversampling, a
case where the data frequency of the input data Din and the
frequency of the clock signal CLKfp from the oscillation
circuit 25 are coincident with each other (FIG. 9), a case
where the frequency of the clock signal CLKfp from the
oscillation circuit 25 is higher than the data frequency of the
input data Din (FIG. 10), and a case where the frequency of
the clock signal CLK{p from the oscillation circuit 25 is lower
than the data frequency of the input data Din (FIG. 11), a data
row to be obtained includes a location having four or more
consecutive digits of 0 or 1.

Therefore, the data pattern recognition circuit 12 deter-
mines that the input data does not have a specific pattern in
case that the bit string of the sampling data which is over-
sampled includes four consecutive digits of 1 or O as an array
other than an array of two consecutive digits of 0, two con-
secutive digits of 1, three consecutive digits of 0, three con-
secutive digits of 1, one digit of 0, or one digit of 1, and
determines that the input data has a specific pattern in case
that the four consecutive digits of 1 or O are not present.

Further, in order to correctly recognize the data pattern, it is
necessary that the data frequency of the input data Dinand the
frequency of the clock signal CLKfp from the oscillation
circuit 25 satisfy the following relational expression. That is,
in case that the input data is oversampled by the sampling
circuit, an initial frequency of the oscillation clock signal
CLK{p is set to a frequency in a range lower than 1.5 times
and higher than 0.8 times the frequency of the specific pattern.

In case that the initial frequency of the oscillation clock
signal CLK{p from the oscillation circuit 25 is higher than 1.5
times the frequency of the input data Din, there is the possi-
bility of data for frequency lock being erroneously deter-
mined not to be data for frequency lock as illustrated in FIG.
12. On the other hand, incase that the initial frequency of the
oscillation clock signal CLKfp from the oscillation circuit 25
is lower than 0.8 times the frequency of the input data Din,
there is the possibility of a data pattern which is not data for
frequency lock being erroneously determined to be data for
frequency lock as illustrated in FIG. 13. The multiples of 1.5
times and 0.8 times are an example in a relationship between
an oversampling multiple and a clock identification method,
and there is no limitation thereto.

The initial frequency of the oscillation clock signal CLKfp
from the oscillation circuit 25 is adjusted in advance so as to
be in a range in which the erroneous determination does not
occur. The initial frequency can also be configured to be
capable of being programmably set in a predetermined range
using a register parameter or the like.

Since the repetitive pattern of 1 and 0 is used in the specific
pattern, not only the detection accuracy of the specific pattern
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can be improved by a relatively simple circuit configuration,
but also the accuracy of frequency lock and phase synchro-
nization can be improved.

It is determined that the input data does not have a specific
pattern in case that four consecutive digits of 1 or 0 are
present, and it is determined that the input data has a specific
pattern in case that the four consecutive digits of 1 or O are not
present, whereby the specific pattern can be detected by a
relatively simple circuit configuration.

FIG. 5 illustrates a specific example of the data pattern
recognition circuit 12. The input data Din of a specific pattern
is a repetitive pattern of 1 and 0. For example, sampling data
on which two-times oversampling is performed on 8-bit input
data Din is binarized by a rise in a clock signal CLKfp with
respect to each bit of the 8-bit input data Din, and is extended
to 16 bits. The configuration of FIG. 5 is not particularly
limited, and is assumed to be configured such that the input
data Din is parallel-input in 16-bit units which are over-
sampled two times in 8-bit units. Sampling data which is
input in 16-bit units is set to Data [0] to Data [15]. The input
stage of the sampling data Dsmp is provided with delay latch
circuits DFF [-3] to DFF [-1] corresponding to low-order
3-bit Data [13] to Data [15], and a detection logic circuit 41
inputs 19-bit contiguous data of the input 16-bit data Data [0]
to Data [15] and the low-order 3 bits Data [13] to Data [15]
(Data [-3] to Data [-1]) of 16 bits which are input immedi-
ately before the data.

The detection logic circuit 41 includes an input latch circuit
42 that inputs the 19-bit contiguous data, an EOR circuit array
43, aNOR circuit array 44, an OR circuit 45, an AND circuit
46, and a NOT circuit 47. The EOR circuit array 43 includes
a plurality of exclusive logical addition gates EOR as a plu-
rality of first logic circuits that perform coincidence detection
in 2-bit units adjacent to each other in the input latch circuit
42. The NOR circuit array 44 includes a plurality of negative
logical addition gates NOR as a plurality of second logic
circuits that determine whether being in a first state where
coincidence detection results of three of the exclusive logical
addition gates EOR adjacent to each other are all coincident
with each other. The OR circuit 45 is a logical addition gate
OR as a third logic circuit that determines whether being in a
second state where at least one of the negative logical addition
gates NOR is set to be in the first state.

In order to detect four consecutive digits of 1 or four
consecutive digits of 0, the respective continuous 2-bit exclu-
sive logical additions are first performed, and both four con-
secutive digits of 1 and four consecutive digits of 0 are
replaced by three consecutive digits of O outputs of the exclu-
sive logical addition gate EOR. In this manner, negative logi-
cal addition is performed on the outputs of three exclusive
logical addition gates EOR which are adjacent to each other,
thereby allowing three consecutive digits of 0 to be detected.
In case that one or more continuous bit strings (that is, those
which are not data for frequency lock) are included in 8 bits of
the input data Din of the CDR circuit 1 by collecting the
outputs of all the negative logical addition gates NOR to
perform logical addition using the logical addition gate OR,
these strings can be detected. Therefore, the logical multipli-
cation gate (AND) 46 stops a frequency-locked operation
using the frequency stop signal 32 as assertion of a high level
through the high level output of the OR circuit 45, and
releases the stop of the frequency-locked operation using the
frequency stop signal 32 as negation of a low level through the
low level output of the OR circuit 45.
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According to this, the data pattern recognition circuit 12
can be relatively simply configured using the logic gate cir-
cuits 43 to 45 that perform logic operations clock-asynchro-
nously and statically.

FIG. 14 illustrates a liquid crystal driver as an example of
asemiconductor device having the CDR circuit included in an
external interface circuit. A liquid crystal driver 62 includes a
command interface circuit 52 and an image data interface
circuit 51, as external interface circuits which are connected
to a host device (HST) 50. A command is supplied from the
host device 50 through the command interface circuit 52, and
display data is supplied therefrom through the image data
interface 51. The CDR circuit 1 is applied to the image data
interface 51, and constitutes a so-called clock embedded data
interface. Processing circuits that process the command
which is supplied to the command interface circuit 52 and the
image data which is supplied to the image data interface
circuit 51 include a control unit 53, a memory 54, a data latch
55, a gradation voltage selection circuit 56, a source driver 57,
a gradation circuit 58, and agate control driver 59. The control
unit 53 controls the inside of the driver using decoded results
of the supplied command and a command parameter, and
stores the supplied display data in the memory 54. The gra-
dation circuit 58 generates a plurality of gradation voltages
and provides the generated voltages to the gradation voltage
selection circuit 56. The control unit 53 sequentially selects
and drives gate lines ofa liquid crystal display panel (PNL) 61
in synchronization with a horizontal scanning period for each
display frame using the gate control driver 59 in a display
operation. In addition, the control unit 53 transfers one gate
line’s worth of display data (display line data) from the
memory 54 to the data latch 55 in synchronization with the
horizontal scanning period, and the gradation voltage selec-
tion circuit 56 selects a gradation voltage in pixel units of the
data using the transferred display line data. The selected
gradation voltage is supplied to a plurality of driving ampli-
fiers constituting the source driver 57. The plurality of driving
amplifiers drive a plurality of source lines SL of the liquid
crystal display panel 61 in a parallel manner in units of dis-
play line data. A circuit block denoted by 60 is a power supply
circuit.

Since the CDR circuit 1 is applied to the image data inter-
face 51, it is possible to improve the reliability of a so-called
clock embedded data interface in the liquid crystal driver 62.
In case that a data pattern for frequency lock is prepared in a
display port or the like which is the standard of a video output
interface, it is possible to prevent frequency lock from being
performed in an erroneous data pattern by the specific data
pattern for frequency lock not being issued simultaneously
with the issue of a frequency lock command.

As described above, while the disclosure is described spe-
cifically based on the embodiments thereof, the disclosure is
not limited to the embodiments, and it goes without saying
that various changes and modifications may be made without
departing from the scope of the disclosure.

For example, the multiple of oversampling may be 4 times,
8 times or the like without being limited to two times, but
power consumption increases as the multiple increases. A
method of identifying a specific data pattern for frequency
lock may be appropriately changed in accordance with the
multiple of oversampling. In addition, a relationship between
the initial frequency of the oscillation circuit and the data
frequency of the specific pattern during frequency lock may
also be appropriately changed in accordance with the mul-
tiple.
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The specific pattern for frequency lock can also be appro-
priately changed without being limited to a repetitive pattern
of 1 and 0.

In addition, the above configuration is not limited to a
configuration in which the frequency-locked loop and the
phase-locked loop are separately included for the synchroni-
zation of frequency and phase, as described above, and phase
synchronization is performed by phase correction (phase
interpolation) based on a phase difference between the sam-
pling data and the oscillation clock signal after frequency
synchronization using a specific pattern is established. A
configuration may be used in which the PLL circuit is used for
the synchronization of frequency and phase, that is, a con-
figuration in which the phase of a clock based on a voltage
control oscillation circuit is synchronized with the phase of
input data in accordance with phase comparison results.

The disclosure can be widely applied to a clock embedded
interface, and can be widely applied to a system in which a
frequency on the receiving device side is locked using a data
pattern for frequency lock.

What is claimed is:
1. A clock data recovery (CDR) circuit comprising:
a sampling circuit configured to sample input data synchro-
nized with a clock signal;
a data pattern recognition circuit configured to determine,
upon receiving a frequency lock start instruction,
whether the sampled input data includes a predeter-
mined pattern; and
a synchronization circuit configured to:
synchronize a frequency of an oscillation clock signal
with a frequency of the sampled input data that
includes the predetermined pattern, and

generate the clock signal to synchronize a phase of the
oscillation clock signal with a phase of the sampled
input data.

2. The CDR circuit according to claim 1, wherein the
sampling circuit is configured to oversample the input data of
i-bit units with data of (i times n)-bit units at a frequency n
times the frequency of the oscillation clock signal,

wherein i represents an integer value=1 and n represents a
real number value>1.

3. The CDR circuit according to claim 2, wherein the data
pattern recognition circuit is further configured to detect a
condition where a predetermined logical value of a unit bit of
the input data extends for 2n bits of the oversampled input
data,

wherein the sampled input data does not include the pre-
determined pattern when the condition is detected, and
wherein the sampled input data includes the predeter-
mined pattern when the condition is not detected.

4. The CDR circuit according to claim 3, wherein an initial
frequency of the oscillation clock signal is set within a fre-
quency range in which the presence or absence of the condi-
tion is detectable based on a frequency of a clock signal
embedded in the predetermined pattern.

5. The CDR circuit according to claim 3, wherein the
predetermined pattern is an alternating pattern of logical val-
ues 1 and 0, and wherein the sampling circuit is configured to
perform two-times oversampling corresponding to n=2.

6. The CDR circuit according to claim 5, wherein the data
pattern recognition circuit is configured to detect the condi-
tion when a bit string of the oversampled input data includes
four consecutive logical 1 digits or four consecutive logical O
digits, and to detect an absence of the condition when the four
consecutive logical 1 digits and the four consecutive logical 0
digits are not present.
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7. The CDR circuit according to claim 6, wherein the data
pattern recognition circuit includes:

first logic circuitry comprising a plurality of first logic

gates and configured to:

receive the oversampled input data in (2 times 1)-bit
units, and

perform coincidence detection on contiguous over-
sampled input data, wherein the contiguous over-
sampled input data includes a current received unit of
(2 times 1)-bit data and a low-order 3 bits of a previ-
ously received unit of (2 times 1)-bit data,

wherein the coincidence detection is performed by the
plurality of first logic gates on each adjacent 2-bit unit
of the contiguous oversampled input data;

second logic circuitry comprising a plurality of second

logic gates configured to indicate a first state in which

three of the plurality of first logic gates indicate the
coincidence of three consecutive adjacent 2-bit units;
and

third logic circuitry configured to indicate a second state

when at least one of the second logic gates indicates the

first state,

wherein the data pattern recognition circuit is further con-

figured to stop the synchronization circuit from perform-

ing a frequency lock operation based on whether the
third logic circuitry indicates the second state.

8. The CDR circuit according to claim 7, wherein the
plurality of first logic gates includes a plurality of exclusive
OR (EOR, XOR) gates, wherein the plurality of second logic
gates comprises a plurality of NOR gates coupled with the
outputs of the plurality of the EOR gates, and wherein the
third logic circuitry includes at least one OR gate coupled
with the outputs of the plurality of NOR gates.

9. The CDR circuit according to claim 7, wherein the data
pattern recognition circuit further includes fourth logic cir-
cuitry configured to assert a frequency lock stop signal to the
synchronization circuit when:

the third logic circuitry indicates the second state, and

the synchronization circuit is not asserting a frequency

lock completion signal.

10. The CDR circuit according to claim 6, wherein the
sampling circuit is configured to perform two-times oversam-
pling corresponding to n=2, and wherein the initial frequency
of the oscillation clock signal is set to within a frequency
range of greater than 0.8 times and less than 1.5 times the
frequency of a clock signal embedded in the predetermined
pattern.

11. The CDR circuit according to claim 1, wherein the
synchronization circuit is configured to perform phase syn-
chronization after frequency synchronization with the prede-
termined pattern has been achieved.

12. The CDR circuit according to claim 1, wherein the
synchronization circuit comprises phase-locked loop (PLL)
circuitry.

13. A semiconductor device comprising:

external interface circuitry configured to receive input data

from a transmission device, the external interface cir-

cuitry including a clock data recovery (CDR) circuit
comprising:

a sampling circuit configured to sample the received
input data synchronized with a clock signal;

a data pattern recognition circuit configured to deter-
mine, upon receiving a frequency lock start instruc-
tion, whether the sampled input data includes a pre-
determined pattern; and
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a synchronization circuit configured to:

synchronize a frequency of an oscillation clock signal
with a frequency of the sampled input data that is
determined by the data pattern recognition circuit
to include the predetermined pattern, and

generate the clock signal to synchronize a phase of the
oscillation clock signal with a phase of the sampled
input data; and

processing circuitry configured to process the received

input data.

14. The semiconductor device according to claim 13,
wherein the transmission device comprises a host device,
wherein the external interface circuitry is configured to
receive image data from the host device, and wherein the
processing circuitry comprises:

gradation circuitry configured to generate a plurality of

gradation voltages corresponding to the received image
data,

wherein the processing circuitry is further configured to

drive a display panel using the plurality of gradation
voltages in synchronization with a display timing of the
display panel.

15. A method of performing clock data recovery for
received input data, the method comprising:

sampling the received input data synchronized with a clock

signal;

determining, upon receiving an instruction to begin fre-

quency synchronization, whether the sampled input data
includes a predetermined pattern;

synchronizing a frequency of an oscillation clock signal

with a frequency of the sampled input data that includes
the predetermined pattern; and

generating the clock signal to synchronize a phase of the

oscillation clock signal with a phase of the sampled
input data.

16. The method of claim 15, wherein sampling the received
input data comprises oversampling the received input data at
a frequency n times the frequency of the received oscillation
clock signal,

wherein n represents a real number value>1.

17. The method of claim 16, wherein determining whether
the sampled input data includes the predetermined pattern
comprises detecting whether a predetermined logical value of
a unit bit of the input data extends for 2n bits of the over-
sampled input data.

18. The method of claim 17,

wherein sampling the received input data comprises two-

times oversampling the received input data,

wherein the predetermined pattern is an alternating pattern

of logical values 1 and 0, and

wherein determining whether the sampled input data

includes the predetermined pattern comprises determin-
ing whether a bit string of the oversampled input data
includes four consecutive logical 1 digits or four con-
secutive logical 0 digits.

19. The method of claim 15, further comprising selecting
an initial frequency of the oscillation clock signal such that
the predetermined pattern is detectable based on the fre-
quency of the sampled input data.

20. The method of claim 19, wherein sampling the received
input data comprises two-times oversampling the received
input data, and wherein the initial frequency of the oscillation
clock signal is selected from within a frequency range of
greater than 0.8 times and less than 1.5 times the frequency of
the sampled input data.
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